1. Introduction {#s1}
===============

Chronic pain (CP) is highly prevalent worldwide and has been acknowledged as a major public health problem in many countries.^[@R40]^ Chronic pain has been recently suggested to be more prevalent in countries with low human development indices.^[@R48],[@R56]^ Indeed, pain affects 20% to 40% of the general population in Latin America (LA) and constitutes a major public health challenge.^[@R39],[@R88],[@R92],[@R93],[@R112]^ The most frequent pain syndromes are osteoarthritis-related pain, low back pain (LBP), headaches, and neuropathic pain syndromes.^[@R2],[@R5],[@R39],[@R40],[@R92],[@R93],[@R95]^ For instance, the lifetime prevalence of acute LBP is close to 70%, and it has been suggested that more than half will eventually experience chronification,^[@R12],[@R47]^ ranking chronic LBP as the first cause of years lived with disability^[@R80],[@R114]^ worldwide. Chronic pain has known associations with depressed mood, fatigue, and catastrophizing thoughts. It is also widely recognized that even for CP directly triggered by peripheral structures such as joint and muscle, there exist a wide range of central nervous system (CNS) modifications occurring in CP, leading to a series of central changes that will allow for the perpetuation and maintenance of the CP status.^[@R9],[@R71],[@R72]^ Pain is linked to maladaptive plasticity in the CNS,^[@R10],[@R11],[@R31],[@R32],[@R98]--[@R100]^ which is related to the severity of symptoms.^[@R46],[@R49],[@R97]^

Although the different pain syndromes have different treatments and response rates, CP is generally undertreated. For instance, LBP is the main reason why people seek medical attention, and still, up to 40% of patients persist with uncontrolled symptoms.^[@R14]^ Neuropathic Pain, which affects up to 7% of the general population, may be pharmacoresistant in up to 40% of cases.^[@R25],[@R111]^ This suggests that the current pharmacological agents available and the way they are used have provided relatively low efficacy as monotherapy strategies, with relatively high potential side effects, adding a supplementary layer of burden on patients, family members, and society already fighting against CP.^[@R30]^ As an example, one can cite the relatively high number necessary to treat seen with first- and second-line treatments for neuropathic pain,^[@R30]^ as well as the continuously alarming issue related to opioid misuse and abuse in the setting of noncancer CP treatment.^[@R61]^

The above limitations have stimulated the blossoming of several lines of research focused at innovative treatments for CP. These nonpharmacological approaches include a broad range of interventions, which are either potentially less expensive than conventional drug treatments (eg, mindfulness-based approaches) or supposed to act directly on CNS structures implicated in the occurrence of pain and positively affect a broader range of pain-associated symptoms such as fatigue, catastrophizing, and mood. Definitely, it has been reported that in some CP conditions such as fibromyalgia, nonpharmacological approaches can decrease not only pain intensity but may also have more efficacious effects in other domains such as sleep, cognitive complaints, and fatigue than pharmacological treatment.^[@R86]^

Among the currently available neuromodulation techniques, noninvasive brain stimulation (NIBS) has been extensively studied over the past 30 years to control CP. These techniques are known to influence neuronal cell membrane potential^[@R23]^ or to induce its depolarization/hyperpolarization with different degrees of focality, cost, and complexity,^[@R55],[@R106]^ and can influence pain-processing regions in the CNS.^[@R89],[@R109],[@R117],[@R118]^ As a consequence, they are believed to drive plastic changes^[@R120]^ that lead to better pain control and gain in function.

Several neuromodulation techniques such as transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS) are cleared by numerous national and regional control agencies worldwide. However, there is a paucity of local or regional guidelines to guide clinicians on the best way to use these techniques. The analgesic effects of the most frequently used noninvasive neuromodulation techniques have been comprehensively scrutinized in recent reviews and meta-analyses, and most of these publications provided a broad view of the available evidence supporting the use of these techniques in some CP settings.^[@R37],[@R57],[@R60],[@R82]^ Although meta-analyses are the backbone of some policy and guideline recommendations,^[@R21]^ they may be of limited use to guide the clinical recommendations of therapeutic interventions having numerous parametric variables or when the object of study has several subcategories. This is the case of neuromodulation approaches, with its different techniques and parametric variables (ie, frequency of stimulation, CNS target, and number of sessions) and CP, with its different pain syndromes, different etiologies, prevalence, and prognosis. More important, the different CP syndromes have very heterogeneous degree of evidence-based treatments available for their control. In such instances, a more individualized approach is preferred. As an illustration, one recent publication considered the adequate sample size of a NIBS trial to be of at least 400 patients,^[@R81]^ and trials with lower numbers of patients were penalized (downgraded) and considered as inconsistent and imprecise, unless more participants were randomized. However, for some pain syndromes, these relatively high sample size values are unrealistic and virtually no treatment to date included this number of patients in any trial. For instance, a medium-sized double-blinded controlled trial to treat complex regional pain syndrome (CRPS) may add more to the already existing (scarce) literature on CRPS evidence-based treatment compared with a study of same sample size on the use of the same technique to treat neuropathic pain due to diabetes, a situation where several other therapeutic interventions have already shown to have significant analgesic effects.^[@R28],[@R115]^ Frequently, these clinically relevant nuances are missed out or diluted in recommendations based exclusively on meta-analyses.

Another approach to synthesize clinical evidence and translate it into clinical practice is the guideline approach based on systematic reviews and standardized classification of trials and recommendations, which have been used in the NIBS context,^[@R57],[@R58],[@R60]^ and provided similar findings in their literature review compared with previous meta-analyses, but lead to higher-level recommendations of some of the NIBS techniques by their respective consensus panel. Evidence-based consensus aims to guide professionals on the best way to treat certain clinical conditions, representing a community-based expression to guide decision-making, contextualized to current available resources already available for the medical condition under scrutiny.

Based on the paucity of regional clinically oriented recommendations for the potential use of NIBS in the treatment of patients with CP, the aim of this study was to perform a comprehensive and updated systematic review of all the NIBS used to relieve CP, classify studies according to the class of evidence they provide according to established categorizations,^[@R16]^ and provide a consensus recommendations for the use of NIBS in clinical practice in LA and Caribbean region, with emphasis on the clinical significance of the interventions in context of the currently available treatments for each pain syndrome^[@R26],[@R27]^ regionally.

Recommendations were based on a modified Delphi design that included a systematic review of the literature, and formulation of recommendations by a consensus panel composed of pain and/or neuromodulation specialists, and a patient\'s representative, followed by a cost-estimation study based on the regional costs and treatment availability.

2. Methods {#s2}
==========

This study was based on a Delphi design that included the following rounds: (1) systematic review of the literature; (2) formulation of recommendations by a panel of specialists formed by pain and/or neuromodulation professionals assigned by local and regional pain and neuromodulation societies (ie, Latin-American Pain Societies and Pain Societies from many LA countries), as well as researchers having published substantial research on NIBS in CP based in LA; (3) anonymous voting of the recommendations used as the basis for a consensus panel; (4) formulation of the final recommendation document; and (5) external review made by 3 specialists on pain and neuromodulation, located outside LA and Caribbean region. A patient having experienced NIBS treatment for CP was also invited to participate. The final report was based on the AGREE statement.

The reviewed interventions were: (1) repetitive TMS (rTMS); (2) tDCS; (3) transcranial alternating current stimulation (tACS); (4) transcranial random noise stimulation; (5) cerebellar tDCS; (6) transcutaneous vagus nerve stimulation; and (7) external trigeminal nerve stimulation.

For the purpose of this consensus paper, randomized double-blinded clinical trials were reviewed if they used a comparison group (treated by a sham or a second active NIBS procedure) and included as main outcome measures any of the following: (1) pain intensity; (2) pain-related quality of life; (3) pain impact on daily life; (4) use of pain medication; (5) number of days or hours without pain; and (6) frequency of migraine attacks.

For methods concerning group membership, and target population preferences and views according to the AGREE recommendations, please refer to supplementary file 1 (S1), available at <http://links.lww.com/PR9/A35>.

2.1. Search methods {#s2-1}
-------------------

A systematic review of clinical trials was performed on Medline (via PubMed) independently by 2 authors (A.F.B. and A.M.B.L.F.). Inconsistencies were resolved by a third author (D.C.A.). Descriptors and search strategy can be found at supplementary file 1 (S1), available at <http://links.lww.com/PR9/A35>.

2.2. Evidence selection criteria {#s2-2}
--------------------------------

The search was not delimited by sex, age, type of facility where the study was held, time, or language of publication. Double-blinded, sham-controlled studies with at least 10 CP patients per arm, treated by repeated sessions, were included. Exclusion criteria were: single case or case series reporting exclusively safety and tolerability data; single-session studies; literature reviews; and studies where pain was not the primary outcome, or where comorbidities included main psychiatric disorders (ie, major depression, schizophrenia, bipolar disorders, and drug addiction).

2.3. Strengths and limitations of the evidence {#s2-3}
----------------------------------------------

Strengths and limitations of the evidence were considered initially according to: (1) Study design---the study should have been designed to answer the clinical question regarding the effectiveness of neuromodulation in the control of pain. (2) Study methodology---the presence of randomization, blinding, allocation concealment, and appropriate data analysis was considered. (3) Appropriateness/relevance of primary and secondary outcomes were considered taking into account the items suggested by the IMMPACT recommendations for clinical trials involving interventions for patients with CP.^[@R26]^ To score the studies according to IMMPACT, the following items were evaluated in each selected study: pain intensity, pain quality and temporal characteristics, physical functioning, emotional functioning, self-perception of improvement and patient satisfaction, and occurrence of adverse events. Then, for the presence of outcome data for each of the 6 subitems above, a point scoring system was used by the writing committee and approved by all the authors: if one of the abovementioned items was contemplated in the study, the study received "one point," and the sum of all points was calculated to assist consensus panel members in the task of providing recommendations.

2.4. Internal and external validity {#s2-4}
-----------------------------------

The studies were also evaluated according to PEDro scale to assess external (item 1) and internal (items 2--11, score 0--10) validity.^[@R68]^ The scoring considered the following items: (1) Eligibility criteria were specified; (2) Subjects were randomly allocated to groups; (3) Allocation was concealed; (4) The groups were similar at baseline regarding the most important prognostic indicators; (5) There was blinding of all subjects; (6) There was blinding of all therapists who administered the therapy; (7) There was blinding of all assessors who measured at least one key outcome; (8) Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; (9) All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome were analyzed by intention to treat; (10) The results of between-group statistical comparisons are reported for at least one key outcome; (11) The study provided both point measures and measures of variability for at least one key outcome. As eligibility criteria (external validity) were established initially as inclusion/exclusion criteria, the final score was presented only for internal validity (maximum score of 10).

2.5. Classification of studies {#s2-5}
------------------------------

Based on the data collected by the steering committee, and in accordance with the IMMPACT recommendations and the PEDro assessment, studies were then classified according to classes of evidence^[@R16]^ as:

Class I study was considered an adequately data-supported, prospective, randomized, sham-controlled clinical trial with masked outcome assessment in a representative population (n ≥ 25 patients receiving active treatment).^[@R57]^

It should include all 5 items below:(1) Randomization concealment;(2) Clearly defined primary outcomes;(3) Clearly defined exclusion/inclusion criteria;(4) Adequate accounting for dropouts and crossovers with numbers sufficiently low to have minimal potential for bias;(5) Relevant baseline characteristics substantially equivalent among treatment groups or appropriate statistical adjustment for differences.

Class II: Prospective matched-group cohort study in a representative population (n ≤ 25 patients receiving active treatment) with masked outcome assessment that meets (1)--(5) mentioned above or a randomized, controlled trial in a representative population that lacks one criteria (1)--(5).

Class III studies included all other controlled trials.

Class IV studies are uncontrolled studies, case series, and case reports (which were not included in this study).

For methodological information on the formulation of the recommendation based on the systematic review and consideration of benefits, harms, infrastructure, and cost estimation of the recommended techniques, please refer to supplementary file 1 (S1), available at <http://links.lww.com/PR9/A35>. Recommendations were based on standardized criteria as follows^[@R16]^:(1) Level A rating (established as effective, ineffective, or harmful) requires at least one convincing class I study or at least 2 consistent, convincing class II studies;(2) Level B rating (probably effective, ineffective, or harmful) requires at least one convincing class II study or overwhelming class III evidence;(3) Level C rating (possibly effective, ineffective, or harmful) requires at least 2 convincing class III studies.

3. Results {#s3}
==========

Search was developed from June 2016 to June 2017, yielding 2048 studies, from which 1999 studies were excluded (Fig. [1](#F1){ref-type="fig"}). The final analysis was made with 49 studies, 24 of tDCS^[@R3],[@R4],[@R7],[@R8],[@R17],[@R24],[@R29],[@R33],[@R36],[@R41],[@R42],[@R54],[@R65],[@R66],[@R75],[@R78],[@R83],[@R90],[@R94],[@R105],[@R108],[@R110],[@R113],[@R116]^ and 22 of rTMS.^[@R1],[@R6],[@R15],[@R22],[@R23],[@R35],[@R44],[@R51]--[@R53],[@R63],[@R64],[@R67],[@R69],[@R73],[@R76],[@R77],[@R84],[@R85],[@R87],[@R101],[@R103]^ Countries involved in these studies are shown in supplementary file 2 (S2), available at <http://links.lww.com/PR9/A35>.

![Study flowchart. rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current stimulation.](painreports-4-e692-g001){#F1}

3.1. Transcranial electrical stimulation (transcranial direct current stimulation) {#s3-1}
----------------------------------------------------------------------------------

We searched for 6 types of transcranial electrical stimulation: (1) tDCS; (2) tACS; (3) transcranial random noise stimulation; (4) cerebellar tDCS; (5) transcutaneous vagus nerve stimulation; and (6) external trigeminal nerve stimulation. Among the abovementioned types, only tDCS and tACS studies reached the standards to be included in the review. We included 24 parallel or crossover randomized controlled trial (RCT). Transcranial DCS was generally administered through a pair of 25- to 35-cm^2^ sponge electrodes, 1-2 mA of amplitude, current density 0.04 to 0.06 mA/cm^2^, for 20 minutes, during 5 sessions (range 3--18 sessions). High-density tDCS with 4 electrodes was investigated in only one study, as well as tACS. Those studies included 927 (38.62 ± 32.03/study) participants, with the maximum sample size of 135 participants.

Anodal tDCS stimulation of the primary motor cortex (M1---C3, C4, or Cz positions of the 10/20 international EEG system) with the cathode over the contralateral supraorbital area (Fp1 or Fp2) was used in 19 of the 24 studies treating participants with fibromyalgia, neuropathic pain (spinal cord injury \[SCI\], trigeminal neuralgia, lumbar radiculopathy, and diabetic polyneuropathy), myofascial pain associated with or not with temporomandibular joint disorder, HTLV-1 infection--related pain, chronic hepatitis C, abdominal pain, vestibulodynia, and episodic migraine (Table [1](#T1){ref-type="table"}). Some studies positioned the anode over the left prefrontal dorsolateral cortex (F3 of the 10/20 international EEG system) and the cathode over Fp2 (Table [2](#T2){ref-type="table"}), but they were less frequently used. In some occasions, the montages of the primary motor cortex and dorsolateral prefrontal cortex (DLPFC) were assessed in the same study. From the 4 studies that used this F3/Fp2 montage, 2 included fibromyalgia and 2 neuropathic pain participants (multiple sclerosis and trigeminal neuralgia). Other montages were also found and are described in Table [3](#T3){ref-type="table"}.

###### 

tDCS efficacy with anode over M1 (C3/4) and cathode over supraorbital area (Fp1/2).
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###### 

tDCS efficacy with anode over left DLPFC (F3) and cathode over supraorbital area (Fp2).
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###### 

tDCS with other montages and tACS efficacy.
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The studies were generally well designed and did not approach pain intensity only, but also affective dimensions of pain, and physical and emotional functions. Sixty-two percent of studies contemplated ≥5/6 IMMPACT items (Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}, supplementary file 3 \[S3\], available at <http://links.lww.com/PR9/A35>). The most frequently neglected item was "self-perception of improvement." Stimulation was generally well tolerated, and none of the studies reported serious adverse events. PEDro classification of internal validity ranged from 6 to 9/10 (Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}; supplementary file 4 \[S4\], available at <http://links.lww.com/PR9/A35>), representing studies with adequate quality of evidence. Allocation concealment and blinding of the researchers who administered the techniques were the most common methodological limitation of the studies. This limitation could be mitigated in future studies by simply asking participants at the end of the study which group they participated using simple blinding assessment questionnaires.^[@R23]^ Some technological improvements may also improve this issue, by the use of devices with built-in solutions to perform active or sham stimulation according to predetermined blinded and coded protocols, so that the therapist will not know the type of stimulation delivered once the stimulator setup is performed.

In general, benefit of the montages addressing the primary motor cortex (M1) was low to moderate (\>20 or \>30% decrease in pain intensity) at the end of sessions and follow-up. These results were of moderate benefit when tDCS was applied to patients with fibromyalgia and of no benefit when other musculoskeletal or neurological problems were studied. Results for tDCS in neuropathic pain were not so as consistent as those for fibromyalgia, suggesting a lesser analgesic effect in patients with neuropathic pain. Several studies were classified as class II (supplementary file \[S3\], available at <http://links.lww.com/PR9/A35>). Two studies were classified as class I,^[@R42],[@R66]^ both involving LBP participants. In one study,^[@R42]^ anodal tDCS to M1 was shown to have significant analgesic effects when associated with peripheral electric stimulation. However, both studies reported negative effects of stand-alone tDCS. This information was incorporated in the recommendations as class A for ineffectiveness of M1 anodal tDCS for this painful syndrome.

In general, montages stimulating the left prefrontal dorsolateral cortex were less commonly used and generally resulted in less benefit. Other tDCS montages and one tACS intervention showed to be beneficial, but the number of studies was small. Gabis et al.^[@R36]^ showed that a 77-Hz tACS for 8 days was moderately effective in reducing spinal pain and headache. Antal et al.^[@R3]^ showed that a tDCS montage with the cathode over Cz and the anode over Oz was also moderately effective in reducing migraine-related pain, but at the end of 18 sessions, and not at the end of 5 sessions of tDCS. Donnell et al.^[@R24]^ showed that a 2 × 2 multipolar tDCS montage targeting the motor cortex was not effective to control pain just after the end of 5 sessions, but was highly effective in the 6-week follow-up. Finally, To et al.^[@R108]^ showed that a bifrontal montage (anode over F3 and cathode over F4) and a montage targeting the C2 dermatome were moderately effective in reducing pain in fibromyalgia, whereas the first montage was also effective to reduce fatigue.

In the vast majority of studies, transcranial electrical stimulation was administered along with pharmacological treatment, frequently including CNS-acting medications such as tricyclic antidepressants and anticonvulsants. In 6 studies, tDCS was administered together with other interventions such as visual illusion,^[@R104]^ aerobic exercises,^[@R75]^ manual therapy,^[@R83]^ soft tissues stretching, hot packs, and low-level ultrasound,^[@R94]^ general rehabilitation procedures,^[@R90]^ and peripheral electrical stimulation (PES).^[@R43]^ In 3 of those studies,^[@R43],[@R75],[@R104]^ an additive effect of tDCS was shown, enhancing the overall effects on pain and other outcome measures.

3.2. Repetitive transcranial magnetic stimulation {#s3-2}
-------------------------------------------------

Our review distinguished between 2 types of TMS: (1) classic "superficial" rTMS; and (2) deep rTMS. Studies were also divided according to cortical target location: (1) primary motor cortex (M1); and (2) non-M1 (eg, DLPFC and primary sensory cortex). Twenty-two parallel or crossover RCTs were included, using multiple sessions of stimulation (Tables [4](#T4){ref-type="table"}--[6](#T6){ref-type="table"}). Repetitive TMS was more frequently administered using superficial coils targeting M1, at high frequency (10--20 Hz) in sessions comprising 1500 to 3000 pulses. Repetitive TMS was also applied to DLPFC (Table [5](#T5){ref-type="table"}) and with a deep rTMS technique (Table [6](#T6){ref-type="table"}). Studies included 798 (36.27 ± 19.73/study) participants, with a maximal sample size of 100.^[@R67]^

###### 

High-frequency rTMS over M1 (C3/4) efficacy.
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###### 

rTMS efficacy over dorsolateral prefrontal cortex.
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###### 

rTMS efficacy in other cortical areas.
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High-frequency rTMS over M1 was the most common approach, and it was more frequently compared with sham stimulation in parallel-design studies. Deep rTMS and superficial TMS to target outside M1 were rarely performed. In the vast majority of studies, rTMS was administered along with pharmacological treatment, frequently including CNS-acting medications such as tricyclic antidepressants and anticonvulsants. In some studies, physiotherapy was also performed during sessions, and in one study physiotherapy was performed as part of the protocol and was standardized in all patients.^[@R87]^ Head-to-head studies in NIBS were rare and only one has so far compared 10-Hz rTMS over M1 against anodal tDCS to the same target.^[@R6]^ In this study, which included 3 consecutive daily sessions of stimulation in patients with peripheral neuropathic pain due to radiculopathy, rTMS was superior to tDCS and sham, and its effects outlasted the stimulation session for a few days. Interestingly, in this same study, the placebo effect of sham-tDCS and sham-rTMS was similar and not significantly different.^[@R6]^ Few studies performed maintenance sessions of stimulation after an induction period (when sessions occur daily for 5--10 consecutive days). In these studies, it was shown that maintenance sessions performed weekly, fortnightly, and even monthly could maintain the effects triggered during the induction period.^[@R76]^ The induction/maintenance strategy is currently used for the treatment of major depression, and is sound and safe on clinical and practical basis; however, it cannot be fully recommended in the treatment of CP due to the still limited amount of data available using this strategy. Deep rTMS was only performed in 2 studies (Table [6](#T6){ref-type="table"}), both targeted the leg area representation of M1 in peripheral neuropathic pain patients with the H (Hesed)---coil.^[@R84],[@R101]^ In both, deep rTMS showed positive results, being short-lived (only present 1 hour after the stimulation) in one.^[@R101]^

The studies were generally well designed and did not approach pain intensity only but also how it influenced the affective dimension of pain, as well as physical and emotional function. Sixty-eight percent of studies contemplated ≥5/6 IMMPACT items (Tables [4](#T4){ref-type="table"}--[6](#T6){ref-type="table"}; supplementary file 5 \[S5\], available at <http://links.lww.com/PR9/A35>). The item most frequently neglected was "self-perception of improvement." PEDro classification for rTMS studies ranged from 3 to 9/10 (supplementary file 6 \[S6\], available at <http://links.lww.com/PR9/A35>). The major problems concerned blinding, especially of the therapist, and allocation concealment. Blinding the therapist to rTMS is virtually impossible, except for certain devices (TMS coils delivering active or placebo stimuli without an operator\'s knowledge), developed with this aim. However, many alternatives to patients\' blinding are available and should be incorporated in the studies, the same for allocation concealment. Also, the use of a formal blinding assessment questionnaire is highly recommended and could overcome these potential biases as mentioned above for tDCS.

Two studies were ranked as class I, both on neuropathic pain.^[@R44],[@R69]^ Virtually, all the superficial rTMS studies targeting M1 at high frequency (\>5 Hz) were positive compared with placebo. All included studies targeting DLPFC were negative (Table [5](#T5){ref-type="table"}). According to the systematic review at the end of stimulation, most studies found moderate/high effect for rTMS, whereas the effect was more frequently low/moderate after the maintenance sessions. After-effects assessed weeks to months after the end of treatment were variable and only performed in a few studies. Neuropathic pain and fibromyalgia were the pain syndromes more frequently assessed in all studies, and the effects of stimulation were overall moderate to high at the end of treatment, decreasing pain intensity and improving other pain-related factors such as fatigue, catastrophism,^[@R76]^ and quality of life.^[@R15]^ Patients with central neuropathic pain (mostly SCI and central poststroke pain) were more frequently mixed with neuropathic pain of peripheral origin^[@R44]^ in most trials. Trials with exclusive central neuropathic pain patients were the exception.^[@R23]^ Other (prevalent) pain syndromes such as musculoskeletal pain, migraine, and CRPS were underrepresented in rTMS studies. These studies suggest that the analgesic effects could be maintained in the long term with intermittent (ie, weekly; fortnightly) sessions of treatment, as evidenced in the treatment of major depression. Interestingly, the sham effect of rTMS was relatively low in most CP studies, being usually below 15% pain reduction, which is different from rTMS studies for major depression where both pharmacological and neuromodulatory treatments had significant placebo effects.^[@R18]^

Based on the data methodological steps above, the consensus panel provided specific recommendations for NIBS for CP. Details are shown in [Boxes 1](#FB1){ref-type="boxed-text"} and [2](#FB2){ref-type="boxed-text"}.

Electrode position:Unilateral pain or bilateral pain with unilateral predominance---anode over the contralateral M1 and cathode over the ipsilateral supraorbital area.

Electrodes\' characteristics:5 × 5 or 5 × 7 cm;Sponge electrodes embedded with saline solution.

Amplitude:2 mA.

Duration of stimulation and number of induction sessions:20 to 30 minutes;5 to 10 consecutive sessions (once daily).

Indications:Low to moderate benefit to decrease pain intensity, without substantial risk of serious adverse event: anodal M1 tDCS for fibromyalgia;Potential but still uncertain benefit, without substantial risk of serious adverse event: Anodal M1 tDCS for peripheral neuropathic pain, chronic abdominal pain, and migraine; bifrontal tDCS (anode F3 and cathode F4) and M1 HD-tDCS for fibromyalgia; Oz (cathode)/Cz (anode) tDCS for migraine.

Secondary benefits:Possible improvement in quality of life aspects, anxiety, and pressure pain threshold.

Potential adverse events:Itching, tingling, skin redness, somnolence, concentration issues, headache, fatigue, light headedness, and skin burning under the electrode (rare).

Precautions:Prescription and follow-up by trained staff;History of seizures;Cranial bone defect;Cranial skin scars.

Contraindications:Head implants;Tumor below the electrodes;Hypertrophic skin scars below the electrodes.

Coil type and positioning:Figure-of-eight coil placed at M1, with the handle pointing forward or backwards to the sagittal plane.

Intensity:80% to 90% RMT (when using 90%, refer to safety guidelines^[@R88]^).

Frequency:10 to 20 Hz.

Number of pulses:1500 to 3000 per session.

Interval between trains:10 to 25′.

Number of induction sessions:3 to 10.

Indications:Low to moderate benefit, without substantial risk of serious adverse event: HF rTMS over M1 for fibromyalgia and neuropathic pain;Potential but still uncertain benefit, but without substantial risk of serious adverse event: HF rTMS over M1 for myofascial or musculoskeletal pain, complex regional pain syndrome, and migraine;So far without clear benefit: HF rTMS over left dorsolateral prefrontal cortex.

Potential adverse events:Headache (up to 30% of patients report neck or head pain, usually after the first session of rTMS, which is usually mitigated by a proper and comfortable patient positioning during sessions);Seizure (very rare when following the above recommendations; frequency \<1/1000).

Precautions:Prescription and follow-up by trained staff;History of seizures;Cranial bone defect;History of substance abuse;History of sleep deprivation.

Contraindications:Intracranial metallic implants/electrodes (eg, cochlear implants and deep brain stimulation);Presence of uncontrolled epilepsy.

4. Discussion {#s4}
=============

4.1. General recommendations {#s4-1}
----------------------------

This study involves a consensus-based recommendation for the use of tDCS and rTMS in the control of CP. The consensus panel involved pain and/or neuromodulation specialists in LA and Caribbean region that voted in 2 rounds of discussion based on a systematic review of the literature and elaboration of recommendations based on the European Federation of Neurological Societies criteria for guidelines elaboration.^[@R16]^

According to these results, this consensus made a level A recommendation for efficacy of induction sessions (n = 5--10) of anodal tDCS, with 2-mA intensity over M1 (C3 and C4 of the 10/20 EEG international system or neuronavigated), with the cathode over the contralateral supraorbital area (Fp1 or Fp2 of the 10/20 EEG international system). Transcranial DCS might be used as an add-on analgesic treatment of patients who remain symptomatic, despite pharmacological and nonpharmacological treatment. These results are in agreement with previous reviews,^[@R45],[@R59],[@R70],[@R119]^ and include not only the control of pain, but also increase in many aspects of quality of life, as well. A recent guideline^[@R60]^ made a level B recommendation for the use of anodal M1 tDCS, and this discrepancy is apparently due to the fact that they considered that trials coming from the same research group would be counted as one study. However, if we had followed the same criteria, we would again have 2 level II trials, which would increase the recommendation from level B to level A. It is important to highlight that although we input the higher level of recommendation to the use of tDCS in this condition, clinicians would expect only low (20%--30%) to moderate (30%--50%) pain intensity reduction.

Our results showed that the tDCS analgesic effects are somewhat less marked for patients with neuropathic pain, consistent with the guideline published by Lefaucheur et al.^[@R60]^ We did not classify HTLV-related pain^[@R105]^ as purely neuropathic, as those patients generally suffer from a mixture of nociceptive (low back) and neuropathic pain (lower limbs), and many of them have diffuse pain.^[@R95]^ Consequently, we included only 4 neuropathic pain studies,^[@R8],[@R41],[@R54],[@R104]^ and only one of them^[@R54]^ showed a \>30% reduction in pain intensity (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). This study involved 40 participants with diabetic polyneuropathy and showed a decrease in pain intensity and increase in pressure pain thresholds after consecutive sessions, but not at 1-month follow-up. Another study involving SCI pain showed \<30% pain reduction,^[@R104]^ in accordance with recent meta-analyses.^[@R65],[@R74]^ Even if the HTLV-related pain study has been included as a neuropathic pain study, the level of evidence for tDCS efficacy in neuropathic pain would not have increased, as there were no statistical differences between active and control groups in this study. Consequently, based on the diabetic polyneuropathy study, our level B recommendation for the use of tDCS in neuropathic pain only applies for peripheral neuropathy--related pain. Future studies should be developed to investigate efficacy of this approach, and clinicians would only expect a moderate decrease of pain.

Anodal tDCS over M1 was recommended as a level B in the treatment of chronic abdominal pain and migraine, as both have one class II study showing moderate benefits. We could not compare the results of the chronic abdominal pain study with other recommendations or meta-analyses. Our recommendation for migraine is supported by a meta-analysis^[@R102]^ showing that anodal M1 tDCS has a moderate to high effect size in the decrease of pain and reduction of pain killers intake. Two of the articles included in this study^[@R3],[@R7]^ were also included in our review, but one of them is a class III study using cathodal tDCS over the visual cortex.^[@R3]^ The same recommendation was also achieved for bifrontal tDCS in the treatment of fibromyalgia, with one class II study. These approaches may be further investigated, as they involve unusual electrode montages that seem to be useful in the control of pain.

Regarding the position of the anode over the motor cortex, a location on the hemisphere contralateral to pain should be recommended for unilateral pain (C3 or C4). If pain is bilateral or diffuse, one may consider positioning the anode over the dominant hemisphere or contralateral to the worst pain. For axial or lower limbs pain, a reasonable position for the active electrode should be at the vertex (Cz). However, there is no study comparing these montages, which are being recommended based only on neuroanatomical characteristics of the M1.

A level A recommendation against the use of anodal tDCS over M1 was provided for LBP as a stand-alone treatment or when associated with cognitive behavioral therapy, as none of the included studies could show minimum benefits with tDCS only. It has to be highlighted that this recommendation was based on 2 class I studies, which reinforces this statement. A recent study suggested that patients with LBP do not respond to tDCS M1 stimulation.^[@R96]^ However, associating this approach with PES^[@R43]^ or exercises^[@R107]^ has been shown to be effective, but the exact mechanisms by which this additive effect happens are not known.

A recent comprehensive meta-analysis assessed efficacy of tDCS in the control of CP conditions,^[@R81]^ showing that the effects are below the clinical relevant analgesic effect (overall 17% decrease), but significant in the increase of quality of life. Although they compared studies across their 95% confidence intervals, which is a potentially better approach than ours, comparing ranges of decrease in pain intensity (\<30%, \>30%, and \>50%), they did not involve a subgroup analysis by pain syndromes. They pooled the studies into neuropathic and non-neuropathic pain, which can hide specificities of different pain types. Also, they did not include migraine studies, nor did consider pain satisfaction or disability measures such as timed-up-and-go and mouth opening in temporomandibular joint pain participants. Another potential limitation was to consider all 2-mA studies at high risk of bias in the blinding assessment, an assumption that is subject to criticism given the literature showing that blinding can be effective in this setting, especially in parallel studies.^[@R19],[@R20]^

Regarding rTMS, we recommended that high-frequency (10--20 Hz) rTMS should be used over the motor cortex area, using a figure-of-eight coil, with the handle pointing forward or backward to the sagittal plane, with intensities ranging from 80% to 90% of the resting motor threshold, 1500 to 3000 pulses per session, and intertrain interval of 10 to 25 seconds. Induction sessions would range from 3 to 10. The use of maintenance sessions is desirable, but there is still not a consensus on its effectiveness. This approach was recommended as an A level (low to moderate benefit) for the use of rTMS in the control of pain associated with fibromyalgia and neuropathic pain, and a level B recommendation for the treatment of myofascial pain, musculoskeletal pain, CRPS, and migraine. A level B recommendation was made to avoid the use of DLPFC rTMS in the control of pain.

The level A recommendation for the use of HF rTMS at M1 in the treatment of fibromyalgia is in accordance with recent studies showing that this approach may potentially decrease pain intensity and increase quality of life. Hou et al.^[@R45]^ demonstrated that HF rTMS over M1 could reduce pain, and fatigue, and improve general health and function. Their findings also show that HF rTMS over DLPFC could have the same effects but additionally influencing positively depression and sleep disturbances. In this study, rTMS and using M1 as a target yielded greater effect sizes than tDCS and using DLPFC as a target. This consensus\' recommendations differ from those of Lefaucheur et al.,^[@R57]^ which did not recommend the use of rTMS in patients with fibromyalgia probably likely because 3 RCTs^[@R13],[@R76],[@R85]^ came from the same research group. However, we did not use such restraint that hindered us 2 positive and one negative class II RCT. Consequently, a level A recommendation was achieved but, again, clinicians should bear in mind that low to moderate decrease in pain intensity was provided by using HF rTMS at M1 as an add-on therapy, which was associated with improvement in quality of life, mood, and catastrophism. The attribution of a level A recommendation for the use of HF rTMS at M1 in the treatment of neuropathic pain was made taking into account 3 class III,^[@R50],[@R53],[@R67]^ 3 class II,^[@R1],[@R6],[@R52]^ and 2 class I^[@R44],[@R69]^ studies, showing low to moderate benefit in the decrease of pain and 1 class I study. This result is one of the most consistent and involves patients with central and peripheral neuropathic pain. It is consistent with a meta-analyses showing that HF rTMS to M1 is effective in the control of neuropathic pain,^[@R62]^ although they proposed that the central origin of pain was more prone to have better results, something that we could not observe in the current available data. The same recommendation has been attributed in a consensus guideline including quite different studies.^[@R57]^ However, this recommendation is in disagreement with 2 meta-analysis showing that rTMS is not effective in SCI neuropathic pain^[@R38]^ or in neuropathic pain in general.^[@R81]^ This last comprehensive meta-analysis made subgroup analysis separating non-neuropathic from neuropathic pain and showed that HF rTMS to M1 has a small but significant effect size in decreasing neuropathic pain, irrespective of its peripheral or central origin. Considering all these results, clinicians should expect low to moderate benefit of using HF rTMS to M1 in the control of neuropathic pain due to central or peripheral origin.

This consensus made a level B recommendation for the use of HF rTMS to M1 in the control of myofascial, musculoskeletal, CRPS, and migraine because for each type of pain, yielded at least a class II study. These pain syndromes were less frequently studied, had trials with smaller effect sizes, or represented studies that so far have not been widely replicated by different research groups.

4.2. Combination of neuromodulatory approaches {#s4-2}
----------------------------------------------

Among the studies reviewed for this consensus guideline, some tDCS studies investigated the association of NIBS with other nonpharmacological interventions such as PES,^[@R42]^ standardized physiotherapy,^[@R94]^ exercise,^[@R75],[@R83],[@R110]^ manual therapy,^[@R83]^ or visual illusion.^[@R96],[@R104]^ These studies usually showed an additive effect, which raises the question of the clinical value of these combined strategies and their underlying mechanisms. For example, anodal tDCS of M1 has been beneficially combined with PES in individuals with chronic LBP,^[@R42]^ while the supposed effects of these procedures on cortical excitability are opposite, tDCS being excitatory and PES inhibitory. Noninvasive brain stimulation techniques could also be combined with cognitive training, such as mental practice and go-no-go tasks, which are known to be potentially beneficial to individuals with CP. The combination of NIBS techniques with other therapies is believed to be able to promote a variety of neural mechanisms related to synaptic plasticity such as metaplasticity (ie, the plasticity of synaptic plasticity).^[@R79]^

4.3. Relationship between benefits and harms and adverse events {#s4-3}
---------------------------------------------------------------

The present estimation of the relationship between benefits and harms was based on the IMMPACT recommendations, which is a potential flaw of previous studies. Benefit was expressed in terms of percentage of pain relief in the active vs sham groups. Although our classification took into account a comparison between high (\>50%), moderate (\>30%), or small (\<30%) pain relief in the active and control groups, we considered to only assume this difference if it was statistically different. This method could have a potential limitation because it did not take into account the net difference between the active and sham arms. For example, 2 studies with \>50% pain reduction in the active arms, but one with sham effect \<10% and the other with sham effect \>30% would be both considered as "high benefit" given this difference was statistically different, and both would be scored as having a "high" treatment effect. However, considering the induction period, this type of situation only occurred for one study,^[@R77]^ where real rTMS caused significant \>50% pain relief compared with sham, but the sham arm provided \>30% pain relief. Except for this case, all other rTMS studies (n = 9) and all tDCS studies (n = 9) included in the present analysis provided sham effects that were \<30% pain relief compared with baseline suggesting that the scoring system we used was minimally influenced by this potential classification bias. In fact, several reviews have shown that different from intuitive thinking, NIBS techniques have relatively low placebo effects in pain and depression trials.

Harm was assessed independently but scored together with benefits in our classification according to IMMPACT-based approach, which may also be another limitation. None of the included studies presented serious harmful effects for the participants, except a case of seizure, which is discussed below. This study did not involve an accurate reliability study of the benefits, but this aspect was indirectly approached through the regional experts\' opinions, which also included availability of equipment and trained staff. In most of the tDCS and rTMS studies, adverse events had statistically equal frequency after active and sham sessions. Some tDCS studies did report adverse events in active groups.^[@R78],[@R83],[@R94],[@R104],[@R113]^ Only 2 rTMS^[@R1],[@R50]^ and one tDCS studies failed to mention adverse events. In one tDCS study, it was not possible to state whether the adverse events were in the active or sham group.^[@R42]^ Treatments with tDCS were generally safe and well-tolerated, and there were no severe adverse events reported. The most frequent adverse events were itching, tingling, and skin redness. Somnolence, concentration issues, fatigue, light headedness, headache, and one little burning below the cathode were also reported,^[@R83]^ but participants nevertheless completed the studies. The use of rTMS is commonly associated with higher risks, but these were not seen in the results of the revised studies. Headache and neck pain can happen in around 30% of the patients and might be managed by properly positioning in the stimulation chair. A checklist of potential contraindications is available^[@R91]^ and should be used in the screening to rTMS utilization.

Transcranial DCS- and rTMS-related adverse events tended to resolve in minutes to hours after the end of sessions. Although the use of NIBS does not require advanced clinical facilities and specific cardiopulmonary resuscitation apparel, a trained staff is necessary to ensure proper use of equipment, electrode and coil positioning, and respect of indications, contraindications, and precautions of use. For results on the cost-estimation analysis, target population preferences, and views, please refer to supplementary file 2 (S2), available at <http://links.lww.com/PR9/A35>.

4.4. What is needed in a noninvasive brain stimulation facility? {#s4-4}
----------------------------------------------------------------

This consensus work supports the use of NIBS neuromodulation for therapeutic purpose in patients with various CP syndromes using both tDCS and rTMS. For a detailed description on the recommendations of the infrastructure necessary to an NIBS facility, please refer to supplementary file 1 (S1), available at <http://links.lww.com/PR9/A35>.

4.5. Facilitators and barriers to application {#s4-5}
---------------------------------------------

Neuromodulation through tDCS or rTMS seems to be a fair option in the control of certain CP syndromes, as the benefits of those techniques are clearly higher than the risks. Potential facilitators to the implementation of NIBS approaches in the clinical setting also include the relative ease of training in low-complexity techniques and the possibility of combination and association with a variety of other pharmacological and nonpharmacological treatments. However, this implementation faces some important barriers that should be properly addressed in the way of further developing NIBS applications in clinical practice. Internal validity of included randomized clinical trials was good regarding selection, reporting, detection, and attrition bias, which was indirectly represented by high grades in PEDro score. However, internal validity was often compromised by the relatively low sample size of the studies, which is partially explained by difficulties in allocating participant of certain infrequent but important diseases, such as central pain syndromes. Hence, bigger studies should be encouraged, such as those with peripheral neuropathic pain, musculoskeletal pain, and migraine, which are more frequent in the population. Future studies need to address this problem through larger (\>200) samples, including multicentric trials.

The cost of the devices, including maintenance, and the necessity of skilled supervision during treatment increase the requirements to set up neuromodulation clinical facilities. One can estimate approximately 40 minutes to perform a tDCS session, and up to 1 hour to perform an rTMS session, which will lead to approximately 10 to 15 patients/day using a single machine. As there is need of 5 to 10 daily sessions for each patient during the induction phase of treatment, this drastically reduces the number of patients that can be allocated to the practice of NIBS in a given center, unless several machines and a proper staff number are available. Regulatory policies are another issue in NIBS neuromodulation, regardless the amount of clinical and scientific evidence provided in this area^[@R57],[@R60],[@R82]^ because most countries have not so far officially regulated its use for pain relief.^[@R34]^

5. Summary of recommendations {#s5}
=============================

This is the first regional consensus recommendation for the use of NIBS techniques for pain relief in LA and Caribbean region. This is an updated guideline supporting the use of tDCS and rTMS for pain and recommendations based on gathered scientific knowledge behind the use of these techniques. Based on this work, level A recommendation (low to moderate benefit) was provided for the use of anodal tDCS over M1 in the control of pain in fibromyalgia, and level B (potential, but still uncertain benefit) recommendation for its use in peripheral neuropathic pain, abdominal pain, and migraine. Bifrontal (F3/F4) tDCS has also received a level B recommendation for the treatment of fibromyalgia, as well as M1 HD-tDCS. A level B recommendation has also been attributed to Oz/Cz tDCS for migraine and for secondary benefits such as improvement in quality of life, decrease in anxiety, and increase in pressure pain threshold. Regarding rTMS, level A recommendation (low to moderate benefit) was provided for HF rTMS over M1 for fibromyalgia and neuropathic pain, and a level B recommendation (potential, but still uncertain benefit) for myofascial or musculoskeletal pain, CRPS, and migraine. Level A recommendation against the use of M1 tDCS for LBP and a level B recommendation against the use of HF rTMS over the left DLPFC in the control of CP were also recommended.

There are some limitations to this study. First, we did not perform a meta-analysis. Instead, we used guidelines to classify the evidence of studies. As yet, the number of studies is still low. In future, when number of studies has increased, a meta-analysis may be considered as part of our work to address our research question. Second, as in previous studies, studies with at least 25 participants receiving active treatment were classified as sufficiently statistically powered, considering previous recommendations. However, future studies or revision of this study may consider power calculations, instead. Classification of studies may also consider other instruments such as the GRADE system and also the problem of publication bias.

6. Conclusions {#s6}
==============

This study supports the use of tDCS and rTMS, but not other forms of NIBS, in the treatment of patients with certain CP conditions. Also, this is one of the few recommendations to argue against the use of some NINS techniques for some specific types of CP. We have also covered, in a systematic and AGREE-compliant manner, several crucial points that are frequently overlooked such as facilitators and barriers to the implementation of the recommendations. Likewise, we reported the first effort to provide a cost-estimation analysis for the use of NIBS techniques for pain in clinical practice in LA and Caribbean region. As all guideline recommendations, time will refine the current concepts and correct potential misinterpretations present in the actual study and, thus, periodic refreshing of this work will be scheduled.
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